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Abstract.  The  current  instabilities  in  the  negative  differential  conductance  region  of  the  resonance 
tunneling  diode  have  been  thoroughly  studied  at  different  parameters  of  the  external  circuit.  The 
instabilities  were  dealt  with  an  excitement  of  the  current  oscillations  in  the  circuit.  In  a homogeneous 
approximation  two  small  signal  equivalent  circuits  of  the  resonant  tunneling  diode  were  used  to 
describe  the  observed  instabilities.  Some  revealed  effects  were  out  of  the  approximation. 


Inhomogeneous  current  instabilities  in  the  semiconductor  devices  are  of  the  most  interest 
investigated  already  50  years.  They  were  observed  in  a wide  range  of  the  devices  | j.  As 
far  as  we  know,  a resonant  tunneling  diode  (RTD)  has  not  been  experimentally  investigated 
for  the  inhomogeneous  current  instabilities  yet.  Some  theoretical  works  already  predict 
this  kind  of  instabilities  in  the  RTD  [2—6].  For  RTD  local  probe  method  could  not  be  lucky, 
in  spite  that  it  was  successfully  used  to  study  the  inhomogeneous  instability  previously 
| ].  Another  way  to  study  RTD  for  the  instabilities  is  a comparison  of  the  experimental 
data  with  calculated  ones  from  widely  used  RTD  models  derived  in  the  preposition  of  a 
homogeneous  lateral  current  distribution  along  the  tunnel  junction  | , j,  and  search  for 
features  which  could  not  be  explained  by  these  models.  For  comparison  with  calculations 
we  have  measured  Rj  — the  threshold  negative  differential  resistance  (NDR),  i.e.  the  R\ 
values  at  which  the  current  instabilities  in  the  measuring  circuit  arisen. 

The  investigated  resonant  tunneling  diodes  were  fabricated  from  InGaAs-AlAs  het- 
erostructure. Mesa  structures  had  70  pm  in  diameter  and  was  made  by  conventional  wet 
etching. 

The  simplified  measurement  circuit  is  shown  in  Fig.  1(a).  The  typical  current- voltage 
characteristics  of  the  diodes  at  room  temperatures  is  shown  in  Fig.  2(a).  The  NDR  was 
observed  in  the  voltage  range  from  0.47  V to  1 V when  the  diode  was  shunted  with  resistance 
R$  — 25  Q and  the  inductance  of  the  shunt  was  very  low  approximately  10  nFln  (curve  1 
in  Fig.  2(a)).  To  obtain  actual  I-V  curves  the  current  through  the  shunt  was  subtracted  in 
situ  by  means  of  balance  scheme.  One  can  see  current  steps  and  jumps  on  the  I-V  curves 
(curve  2,  Fig.  2(a))  measured  without  shunt  resistance,  but  with  Cs  = 15  pF  capacity 
shunt,  and  Rl  — 47 12,  Ll  = 100  mHn  (see  Fig.  1(a)).  The  current  steps  and  jumps  are 
just  the  manifestations  of  the  current  instabilities  in  the  circuit.  High  frequency  oscillations 
(up  to  1 GHz)  were  observed  in  the  voltage  range  of  the  current  steps  and  they  were 
absent  out  of  the  range.  One  can  see  the  NDR  region  without  instabilities  at  bias  voltages 
between  points  A and  B in  Fig.  2(a),  curve  2.  The  current  oscillations  arisen  in  the  point  A, 
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Fig.  1.  (a)  The  measuring  circuit  with  RTD.  R l,  Ll  are  load  resistance  and  inductance,  U is  sweep 
generator,  (b)  RC  — model  of  the  RTD.  Rq  is  contact  resistance,  Lq  is  bonding  inductance,  r is 
differential  resistance  of  the  tunnel  junction,  C is  differential  capacity,  (c)  The  ST  — model  of 
the  RTD.  S(pi  — electrochemical  potential  variations  of  the  emitter  (i  = 1),  well  (i  = 2),  collector 
(i  =3).  Sxffi — electrical  potential  variations  of  the  emitter  (i  = 1 ),  well  (/'  = 2),  collector  (t  =3). 
G — emitter- well  transconductance,  Ci,  C2,  C — emitter,  collector  barriers  and  well  capacitancies. 


Bias  voltage  (V)  Load  resistance  (£2) 

Fig.  2.  (a)  The  I-V  characteristics  of  the  RTD.  Curve  1 is  I-V  curve  measured  for  the  diode  shunting 
with  the  Rs  = 25  £2  and  Ls  ^ 10  nHn.  Curve  2 is  I-V  curve  measured  for  the  diode  shunting 
with  the  Cs  = 15  pF.  The  threshold  resistance  Rj  is  the  NDR  measured  at  point  A.  (b)  The  Rj 
dependence  upon  the  load  resistance  R l-  Square  symbols  are  the  experimental  data.  Triangle  and 
circles  symbols  are  calculated  values  for  RC  and  ST  models  of  the  RTD. 

when  the  bias  voltage  decreased.  Thus  measuring  the  NDR  value  in  the  point  A we  get  the 
threshold  resistance  Rj.  In  the  theoretical  models  R\  can  be  related  to  the  measuring  circuit 
parameters  and  internal  parameters  of  the  diode.  The  dependencies  of  Rj  on  the  different 
parameters  of  the  measuring  circuit  were  obtained  experimentally  and  then  compared  with 
calculated  ones. 

Figure  2(b)  shows  the  dependence  of  the  threshold  resistance  Rj  on  the  AT  — load 
resistance.  Other  circuit  parameters  were  fixed.  Figure  3(a)  shows  the  dependence  of  the 
threshold  resistance  R \ on  the  Rs  — shunt  resistance,  with  R\  — 9.8  £2,  and  l.\  — 10  mHn 
kept  constant,  in  this  measurements  we  did  not  add  any  shunt  capacitance.  Figure  3(b) 
shows  the  dependence  of  the  threshold  resistance  Rj  on  the  Cs  — shunt  capacitance,  with 
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Fig.  3.  (a)  The  Rj  dependence  upon  the  shunt  resistance  Rl-  Square  symbols  are  the  experimental 
data.  Triangle  and  circles  symbols  are  calculated  values  for  RC  and  ST  models  of  the  RTD.  (b)  The 
Rt  dependence  on  the  shunt  capacity  Cs-  Square  symbols  are  the  experimental  data.  Triangle  and 
circles  symbols  are  calculated  values  for  RC  and  ST  models  of  the  RTD. 

fixed  Rl  = 47  Q,  and  Ll  = 10  mHn,  shunt  resistance  was  absent.  In  all  the  figures 
the  experimental  data  are  presented  by  square  symbols.  To  calculate  theoretical  values  of 
the  threshold  resistance  for  different  circuit  parameters  it  is  necessary  to  know  equivalent 
RTD  circuit  which  definitely  include  NDR.  Than  knowing  the  full  equivalent  circuit  we 
found  the  boundary  between  circuit  stable  and  unstable  conditions.  From  the  boundary 
conditions  relations  between  Rj  other  circuits  parameters  can  be  found.  The  equivalent 
RTD  circuit  depends  on  the  model  used  to  describe  the  resonant  tunneling  diode.  We  used 
two  equivalent  circuits:  the  first  one  — RC  model  (Fig.  1(b))  — is  suitable  for  coherent 
tunneling  [ ],  and  the  second  one  — ST  model  (Fig.  1(c))  — for  sequential  tunneling 
processes  [ ].  It  is  necessary  to  emphasize  here,  once  more,  that  both  equivalent  circuits 
described  the  uniform  distribution  of  the  current  along  the  tunneling  structure. 

The  calculated  data  are  shown  in  Figs.  2(b)— 3(b)  by  triangles  for  RC  model,  and  by 
circles  for  ST  model.  The  procedure  of  comparison  was  following.  First  of  all  from 
comparison  of  Rt  dependencies  on  Rl  (Fig.  2(b))  we  obtain  best  fit  parameters  for  Rq,  Lq 
and  C for  RC  model  and  Re,  Lq.  Cj , C 2,  v for  ST  model.  With  found  best  fit  parameters 
theoretical  dependence  of  Rt  on  Rs  was  drawn  in  Fig.  3(a).  The  Rt  experimental  and 
theoretical  values  differ  two  times.  If  the  best  fit  was  done  for  data  in  Fig.  3(a),  than  the 
strong  discrepancies  appeared  for  Rt  on  R$  experimental  and  calculated  dependencies. 
In  other  words  it  was  impossible  to  make  best  fit  for  Rt  on  R l and  R$  dependencies  at 
the  same  time.  More  drastic  discrepancies  was  found  for  Rt  on  Cs  data  (see  Fig.  3(b)). 
For  both  model  in  the  range  of  used  Cs  value  the  dependence  should  be  constant.  The 
experiment  shows  quite  complicated  dependence  with  clear  local  minimum  around  Cs  = 
7 pF.  The  experiment  has  demonstrated  that  the  current  instabilities  of  the  RTD  with  20  nF 
internal  capacity  are  very  sensitive  to  change  of  ACs  ~ 1 pF.  Moreover  a frequency 
of  the  current  oscillations  is  about  250  MHz  that  is  higher  than  the  cut-off  frequency  of 
the  diode  (~10  MHz)  calculated  for  both  models.  It  worth  to  note  that  the  models  have 
been  tested  with  ultra-high  frequency  techniques  on  the  diode  with  quite  small  lateral 
sizes  (~20— 30  gm)  [ , ] and  relatively  large  negative  differential  resistance.  We  used 
the  diode  that  had  larger  lateral  sizes  than  in  previous  studies.  From  the  comparison 
of  the  experimental  and  calculated  data  we  concluded  that  current  models  based  on  the 
uniform  distribution  of  the  tunneling  current  along  the  junction  can  not  explain  experimental 
findings.  The  theories  where  inhomogeneous  distribution  of  the  current  along  the  junction 
was  considered  did  not  propose  any  equivalent  circuit  which  in  principle  would  permit  one 
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to  make  the  similar  comparison  with  experimental  data.  It  means  that  more  sophisticated 
approaches  are  necessary  to  develop  for  proving  these  theories. 
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